In a necropsy study of 50 cases of ventricular septal defects, the anatomic position and relations of ventricular septal defects, the causes of and ages at death, and association of ventricular septal defects with other cardiovascular malformations were determined. The present availability of surgical closure of ventricular septal defects makes this information of practical significance.
T HE present availability of surgical closure of ventricular septal defects renders a number of questions particularly pertinent. Some of these may be answered by pathologic studies and clinicopathologic correlations. Such studies are proper even though there is inherent selection of cases among those included in a pathologic series. These studies provide information concerning the anatomic position and relations of ventricular septal defects, the causes of and ages at death, and the association of ventricular septal defects with other cardiovascular malformations. The present report is a necropsy study of 50 cases of ventricular septal defect.
Surgical procedures designed to close the defects had not been done in any of the patients. An attempt is made to throw additional light on these problems.
METHODS AND MATERIALS
A series of normal hearts was studied to determine the main anatomic landmarks of the ventricular septum.
A study then was made of 50 hearts that had defects of the ventricular septum. Forty were from patients dying at the Mayo Clinic and 10 were sent to the laboratory of pathologic anatomy from other sources. The series represented all specimens in our From the Mayo Foundation and the Mayo Clinic, Rochester, Minnesota. The Mayo Foundation is a part of the Graduate School of the University of Minnesota. This paper incorporates, by abridgment, a portion of the thesis submitted by Dr. Fontana to the Faculty of the Graduate School of the University of Minnesota in partial fulfillment of the requirements for the degree of Master of Science in Medicine. 349 pathologic collection with ventricular septal defects in which it was the only congenital malformation of the heart and great vessels or in which other anomalies, such as atrial septal defect or anomalies of the aortic-arch system, were coincidental. Not included in this study were cases in which a ventricular septal defect was part of a recognized complex of related anomalies, such as the tetralogy of Fallot, persistent truncus arteriosus, complete transposition of the great vessels, or subaortic stenosis with biventricular origin of the pulmonary trunk. Each specimen was classified on the basis of the location of the ventricular septal defect according to the scheme to be presented in the next section of this paper.
The diameter of the defect and the diameter of the aorta at the level of the valve were measured in each specimen. The ratio of their relative sizes was useful in defining the size of a given ventricular septal defect irrespective of the age of the patient and the size of the heart.
The cause of death in each case was designated as either related or unrelated to the congenital malformation of the heart. The immediate causes of death in the former group were heart failure and bacterial endocarditis. Although heart failure was considered to have affected both ventricles, the cases with this complication could be subdivided further according to the predominant picture: predominantly left ventricular failure was considered to be manifested in the cases showing pulmonary congestion and edema, whereas predominantly right ventricular failure was considered to exist in cases having peripheral edema, serous effusion, and chronic passive congestion of the liver.
The results of the pathologic studies are presented in 2 sections. The first involves those cases in which the ventricular septal defect was not associated with other cardiovascular anomalies (group A). The second section deals with those cases in which the ventricular septal defect was associated with other coincidental, congenital malformations of the heart or great vessels (group B).
ANATOMIC CONSIDERATIONS
The 50 hearts included in this study were classified according to the region of the ventricular septum involved by the defect into 2 major groups. In the first group, the defects involved regions of the ventricular septum related to the ventricular outflow tracts; in the second group, the involved regions were not in the ventricular outflow tracts (2) the papillary muscle of the conus, (3) the crista supraventricularis, and (4) the annulus fibrosus of the pulmonary valve. It is apparent that nearly all of the septum viewed surgically through the usual incision for right ventriculotomy is related to the ventricular outflow tracts.
The papillary muscle of the conus may be defined as that point of the septal wall of the right ventricle into which insert the chordae tendineae corresponding to the left half of the anterior tricuspid leaflet and the anterior half of the septal leaflet of this valve. At this point is usually located a small broad-based papillary muscle that is readily identifiable, lying about at right angles to the long axis of the right ventricular outflow tract. In some hearts, particularly when the right ventricular chamber is dilated, the chordae tendineae appear to insert directly into the septal wall rather than into a recognizable specialized papillary muscle. It must be stressed, however, that a constant phenomenon is the convergence to the ventricular septum of the chordae tendiineae corresponding to the left half of the anterior leaflet of the tricuspid valve and the anterior portion of the septal leaflet.
The crista supraventricularis may be described as a prominent muscular bundle that arches across the uppermost portion of the outflow tract of the right ventricle. Its right anterior limb originates in the anteriorIwall of the iight ventricle approximately at the level of the tricuspid ring. From this point it arches upward and to the left, to pass across the upper wall of the outflow tract between the papillary muscle of the conus below and posteriorly and the pulmonary valve above and anteriorly. The left limb of the crista supraventricularis continues from under the pulmonary valve downward along the ventricular septum.
As seen from its left ventricular aspect, the portion of the ventricular septum related to the ventricular outflow tracts is concave and extends from the point where the anterior mitral leaflet joins the ventricular septum posteriorly to a point located below the midportion of the left aortic cusp* anteriorly ( fig. 1ib ).
Along its entire upper border, the left ventricular aspect of the outflow portion of the ventricular septum is related to the aortic valves; therefore, regions in it can be described as the tissue lying beneath a given portion of the corresponding aortic cusp. The adjacent halves of the left and posterior aortic cusps are not related to the ventricular septum, being continuous with the anterior mitral leaflet.
It is helpful for the surgeon to recognize * In this discussion, the right and left aortic cusps correspond to the aortic sinuses from which the right and left coronary arteries, respectively, arise. The posterior cusp is the noncoronary cusp.
BECU, FONTANA, DuSHANE, KIRKLIN, BURCHELL, AND) l1l)XVWARI)S3 These lesions are usually classified as "membranous ventricular septal defects," but it was apparent from this study that such a designation is not an adequate descriptive name. The membranous portion of the ventricular septum is seen from the left ventricle as a small zone lying beneath the commissure between the posterior and right aortic cusps and the adjacent portion of the posterior cusp. It cannot be seen when the interior of the right ventricle is viewed in the usual perspectives unless the tissue of the septal leaflet of the tricuspid valve is retracted upward.
While most of the defects are related to the membranous portion of the septum, it is exceptional for a ventricular septal defect to be restricted to this membranous portion. In almost all of our cases, the defect either did not involve the membranous portion of the ventricular septum at all or involved varying amounts of this region and, additionally, a proportionately larger zone of the muscular tissue lying superoanteriorly to the membranous septuin. It is recognized that the defect in such cases may constitute a failure of union of the membranous and muscular septa rather than absence of these elements. The size of the defect itself was mainly related to the amount of the muscular portion of the ventricular septum that was malformed.
As seen from the right ventricle, the region of the ventricular septum lying immediately posterior and inferior to the crista supraventricularis is overhung by the left half of the anterior leaflet and the anterior half of the septal leaflet of the tricuspid valve. 1\Iost of the chordae of this valvular tissue converge toward the apex of the papillary muscle of the conus. The posterior boundary of this region on its right ventricular aspect is the tricuspid ring. The posterior boundary on its left ventricular aspect is the junction of the anterior mitral leaflet and the ventricular septum.
From the right side, the papillary muscle * One heart had 2 ventricular septal defects, 1 in this category and the other in the inflow portion of the septum. This explains the total of 51 defects noted in these 50 hearts.
of the (conus appears as a prominent landmark within the region being described and serves as a useful point of reference in estimating the size of a given ventricular septal defect. The right and left ventricular relations of defects involving this region are better uinderstood if it is realized that a plane extending at right angles to the septum along the long axis of the papillary muscle of the coinus of the right ventricle will run more or less vettically through the middle of the right aortic cusp on the left side and that the crista supraventricularis lies at a level corresponding to the commissure between the right and left aortic cusps. This relationship is noted clearly during open right ventriculotomy for the repair of ventricular septal defects.
In the 36 instances of -entricular septal defect insvolvinig the region posterior to the crista supraventricularis, the inferoposterior extremity of the defect was the tricuspid ring or identifiable portions of the membranous septum. The superoanterior extremity of the defect in 20 of these cases did not extend beyond the level of the chordae emanating from the papillary muscle of the conlus ( fig. 2 ). These defects were overhung by the septal tricuspid leaflet and w-ere obscured either completely or partially from -view unless the septal tricuspid leaflet, was retracted superiorly. All except 1 of these defects were small, their diameter being less than the diameter of the aorta. From the left ventricular aspect, these smaller defects were confined to the tissue of the ventricular septum inferior to the right half of the posterior aortic cusp and varying amounts of the adjacent half of the right aortic cusp. Their anterior border did not extend anterosuperiorly beyond a line drawn through the midportion of the right aortic cusp.
In the other 16 of these 36 instances of defects involving the region posterior to the crista supraventricularis, the superoanterior extremity of the defect extended beyond the papillary muscle of the conlus to involve the septal tissue lying between it and the crista supraventricularis ( fig. 3 ). In all defects in this series involving tissue between the papillary muscle of the conus and the crista supraventricularis, the aforementioned ratio of the diameter of b. Same case, the defect being viewed from the left ventricle anterior to the anterior leaflet of the mitral valve (M.) and inferior to the adjacent portions of the right (R.) and posterior (P.) leaflets of the aortic valve. The anterior extremity of the defect is beyond the membranous septum and involves muscular tissue in this region.
c. Right ventricular aspect in a 33-year-old woman. The defect lies posterior to the papillary muscle of the conus (point of arrow) and is partly hidden by the septal leaflet of the tricuspid valve (S.). d. Same case, viewed from the left ventricular aspect; the defect lies inferior to the right aortic leaflet (R.) and the commissure between the right and posterior (P.) leaflets. Membranous septal tissue is present between the defect and the anterior leaflet of the mitral valve (M. a. Right side of heart from a 2-day-old boy. The defect is seen through the septal leaflet of the tricuspid valve (S.), where it involves the membranous portion of the septum and extends beyond the papillary muscle of the conus (point of arrow) to include the tissue between this region and the inferior edge of the crista supraventricularis (C.).
b. Same case, left ventricle. The large defect involves the tissue inferior to the posterior aortic leaflet (P.) and the tissue inferior to the adjacent half of the right aortic leaflet (R.). The membranous septum is absent. The posterior boundary of the defect is formed by the continuous membrane representing the anterior leaflet of the mitral valve (M.) and that portion of the septal leaflet of the tricuspid valve that is seen through the defect from this view.
c. Specimen from a 3-month-old boy. The defect is clearly seen between the crista supraventrieularis (C.) and the papillary muscle of the conus (point of arrow); it extends posteriorly beyond this region but is obscured by the septal leaflet of the tricuspid valve. P.V. = pulmonary valve.
d. Same case, left ventricle. The defect lies inferior to the adjacent halves of the right (R.) and posterior (P.) aortic leaflets. The membranous portion of the septum is intact, lying between the point of the arrow and the anterior leaflet of the mitral valve (M.). These cases illustrate that, when a defect involves the region between the papillary muscle of the conus and the crista supraventricularis, varying amounts of tissue posterior to the papillary muscle of the conus may be deficient, including the membranous septum, but in some instances, as seen in c and d, the membranous septum may be present.
e. Right ventricle and pulmonary arteries from a 6-month-old girl in whom the defect was anterosuperior to the crista supraventricularis. The defect lies some distance from the papillary muscle of the conus (point of arrow) and is bounded by the crista supraventricularis (C.) below and the right (R.) and left (L.) pulmonary leaflets above. A. = anterior pulmonary leaflet. The probe is in a narrow patent ductus arteriosus; an atrial septal defect also was present.
f. Same case. The left ventricular aspect shows the defect (V.S.D.) inferior to the left aortic leaflet (L.) and some distance from the posterior (P.) aortic leaflets, in contrast to cases in which the defect lies posteroinferior to the crista supraventricularis (figs. 3a to d). P.T. = pulmonary trunk; M = anterior leaflet of mitral valve. aspect, these defects lay immediately inferior to the left aortic leaflet and to varying amounts of the adjacent anterior half of the right aortic leaflet.
Comparison of the diameter of the defect and that of the aortic orifice showed that 3 of the defects involving this region had ratios of 1.0 and the fourth had a ratio of 1.3. Defects Involving Regions Not Related to the Ventricular Outflow Tracts Among the 50 hearts in this study, 11 had defects of this type (fig. 4) remaining lesion was in the outflow tract immediately below the pulmonary valve. Among the 29 defects involving the region of the outflow tracts posterior to the crista supraventricularis, 18 were of the small type and 11 were of the large type. Of the 4 defects located in the inflow portion of the ventricular septum, 3 were in the apical region and 1 was basal in position, lying just beneath the mitral and tricuspid valves. The anatomic distribution of the defects was about the same in those patients dying of the defects as in those dying of unrelated causes.
Of the 19 patients in group A dying as a consequence of the defect, 7 were more than 1 year of age: 5 of 7 patients had the smallertype defects in relation to the membranous septum, 1 had the larger type, and the seventh had an inflow defect in the apical region.
Size of the Defect. The median ratio of the diameter of the defect to the diameter of the aorta in the 34 cases comprising group A was 1.0, with a range of 0.2 to 1.7. The median ratio was 1.0 in those cases in which death was related to the ventricular septal defect, whereas it was 0.5 in those cases in which death was not related to the defect. The greatest median ratio (1.1) was noted in those cases in which death occurred before 1 month of age; the median ratio generally was smaller with increasing age at death, being lowest (0.3) at more than 10 years of age, with individual exceptions.
The defects with the largest ratios were those located in the outflow tracts posterior to the crista supraventricularis and involving the septal tissue between it and the papillary muscle of the conus. The median ratio for this type was 1.1, with a range of 1.0 to 1.5. Thus, the diameter of the defect in each of these cases was equal to or larger than the diameter of the aorta.
The defects in the outflow tracts restricted to the septal tissue lying posterior to the papillary muscle of the conus had ratios ranging from 0.2 to 1.7, with a median of 0.5.
The largest defect in group A was of this type and was found in the woman who died at the age of 55 years of chronic congestive heart failure. However, most of these defects were small compared to the size of the aorta. The single case in group A in which the defect involved the region anterior to the crista supraventricularis had a ratio of 1.0. The defects involving the inflow or sinus portion of the ventricles had ratios ranging from 0.3 to 1.0, with a median of 0.7. The 2 patients who died of bacterial endocarditis had relatively small defects, their ratios being 0.3 and 0.6; the 2 patients who died of chronic congestive heart failure had ratios of 0.7 and 1.7. The 15 patients who died of left ventricular failure had a median ratio of 1.0, with a range of 0.2 to 1.5. Three of them had ratios of 0.2, 0.3, and 0.5, while all the others had ratios of 1.0 or more.
Noncardiovascular Anomalies. The 34 patients in group A included 18 (53 per cent) who had some additional congenital malformation not involving the cardiovascular system. These noncardiovascular malformations were of serious nature and caused death in 10 patients; they were numbered among the 15 in group A in whom death was not attributed to the ventricular septal defect. Of these 10 patients, 5 had severe malformations of the central nervous system, 2 had tracheoesophageal fistulas, 1 had exstrophy of the bladder, 1 had a complicated omphalocele, and 1 had infected polycystic kidneys.
In the remaining 8 patients who had noncardiovascular anomalies, the associated lesions were of minor significance; they included supernumerary digits, imperforate anus, cleft palate, congenital hydronephrosis, clubfoot, bilateral double ureter with congenital dislocation of the hip, situs inversus of the spleen and stomach, and diaphragmatic hernia. Some patients had more than 1 figure 4 a and b. b. The right side of the heart from the 6-month-old girl with an atrial septal defect whose ventricular septal defect and patent ductus are illustrated in figure 3 e and f. I.V.C. = inferior vena cava; A.S.D. = atrial septal defect; T.V. = tricuspid valve.
c. Heart and great vessels in a 10-day-old girl with a defect located in the muscle of the apical portion of the ventricular septum. Tubular hypoplasia of the aortic arch and a patent ductus arteriosus (P.D.A.) are shown.
d. Specimen from a 4-day-old infant with a tracheoesophageal fistula and two ventricular septal defects, which are shown from the right side. One defect involves the tissue in relation to the membranous septum and posterior to the crista supraventricularis. The second defect lies in the muscle in the posterior part of the septum and inferior to the tricuspid valve (T.V.). Probes are in the defects. The papillary muscle of the conus is at the point of the arrow.
e. Same case. From the left side, one defect is seen to be centered inferior to the right aortic cusp and the second lies in the muscle inferior to the posteromedial commissure of the mitral valve. A Al.
= anterior mitral leaflet. Noncardiovascular Anomalies. Only 2 patients in group B had noncardiovascular congenital anomalies, and death in both instances BE1CU, F)NTk\N A, I)-SHAN-E", KIKlIMN, B3URCHEJIL, A-NI) II)EWAHIS)S3 was attributed to their presence. One of these patients, who died at 1 day of age, had a large diaphragmatic hernia and congenital hypoplasia of the lung; the other patient died at the age of 4 days of respiratory obstruction after operation for a tracheoesophageal fistula.
DiscuissIO N The ages of the majority of these patients who died as the result of venttricular septal defect with or without associated malformations and whose hearts formed the primaary material for this study were strikingly low. As already noted, the ventricular septal defect was considered to be the lesion causing death in 19 of the 34 patients who did not have associated cardiovascular malformations. Twelve of these patients were less than 1 year of age at the time of death.
It was considered that death resulted from the cardiovascular anomalies in 13 of the 16 patients in whom the ventricular septal defect was associated with other significant cardiovascular malformations. Eight of these 13 patients were less than 1 year of age at death. Severe pulmonary edema and hemorrhage were common findings in these young patients.
A standard for measuring the size of the defects was desired in our study. Absolute measurements obviously mean little in comparing the heart of an infant with that of an adult. Therefore, we followed the suggestion of Selzer' and compared the size of the ventricular septal defect with the caliber of the aorta. This comparison was expressed as the ratio of the diameter of the defect to the diameter of the aorta.
The patients who died early in infancy of ventricular septal defects had defects, as a group, with larger ratios than did patients who died later in life of bacterial endocarditis. Not included among our 50 cases were examples of the tetralogy of Fallot, persistent truncus arteriosus, complete transposition of the great vessels, the Taussig-Bing complex, persistent common atrioventricular canal, or the complex recently described in which a ventricular septal defect is associated with biventricular origin of the pulmonary trunk and subaortic stenosis. Likewise not included in this series are 2 hearts with ruptured aneurysms of the aortic sinus and ventricular septal defects. The common associated defects in our series were atrial septal defect, patent ductus arteriosus, coarctation or other stenosing lesions of the aortic arch, and vascular rings.
A patient with a ventricular septal defect may have certain physiologic and clinical features that are indistinguishable from those in a patient who has a ventricular septal defect associated with additional cardiovascular malformations. For instance, the association of a wide patent ductus arteriosus with a wide ventricular septal defect may yield a clinical and physiologic pattern indistinguishable from that in a patient who has only a wide ventricular septal defect.6 Recognition of the similarity between these 2 types of lesions is important in therapy, since it is obvious that treatment is different in these 2 instances.
The association of some type of obstruction in the region of the aortic arch in infants who have ventricular septal defects was strikingly common in our series. It will be recalled that 3 of the 50 patients had classic coarctation of the aorta, 1 had hypoplasia of the aortic arch, and a fifth had interruption of the aortic arch. In patients who have both coaretation of the aorta and ventricular septal defects, the coarctation probably increases the tendency for a left-to-right shunt over what might be expected in the absence of such an aortic obstruction. As in the association of patent ductus arteriosus with ventricular septal defect, it is recognized that the patient with a ventricular septal defect and coaretation may have certain clinical and physiologic features in common with patients having only ventricular septal defects. The essential differences in treatment also are imiportant in such instances.
Three of our 50 patients with ventricular septal defects had an associated right aortic arch. This incidence of 6 per cent is relatively great, although it is less than the incidence of right aortic arch in the tetralogy of Fallot. Three of our patients had atrial septal defects of the usual variety associated with ventricular septal defects. Another patient had these 2 malformations associated with a patent ductus arteriosus. Under such conditions, cardiac catheterization probably would disclose the presence of highly oxygenated blood in both the right atrium and right ventricle. Such a combination of findings would lead to the justifiable consideration in the differential diagnosis of a persistent common atrioventricular canal. Indeed, it might be difficult to distinguish that malformation from an ordinary ventricular septal defect associated with an ordinary atrial septal defect.
A strong tendency appears to exist for defects involving the region of the outflow tracts anterior and superior to the erista supraventricularis to be associated with some form of obstruction of the aortic arch. Two of the 4 patients in this study who had this type of defect also had either coarctation or interruption of the aortic arch. In each of 5 patients who are not part of this study and who are reported on elsewhere' as having a complex of malformations, there was a ventricular septal defect anterior to the crista supraventricularis associated with biventitie lar origin of the pulmonary trunk, subaortic stenosis, and obstruction of the aortic arch. Thus, of 9 patients with defects anterior to the crista supraventricularis, 7 also had an obstructive aortic abnormality.
It is interesting to consider the types of ventricular septal defect encountered when obstruction of the aortic arch is also present. As already indicated, we have studied 10 hearts characterized by obstruction of the aortic arch (including typical coaretation, tubular hypoplasia of the aortie arch, and interruption of the aortic arch) associated with ventricular septal defects. The defect in 7 of these 10 cases involved that portion of the ventricular outflow tracts anterior to the crista supraventricularis; the defects in 2 cases were in the apical region of the inflow portion of the septum, whereas the defect involved the region of the ventricular outflow tract posterior to the crista supraventricularis in the tenth case.
From our anatomic studies of ventricular septal defects, we are left with the concept that the term "membranous ventricular septal defect" often cannot be applied with accuracy. The greatest contribution to the area of a given ventricular septal defect involving the posterior region of the outflow portion of the septum usually is in the territory of a portion of the muscular ventricular septum, the membranous portion being partially or totally identifiable. Malformationes cardiovascular de commun occurrentia associate esseva inter alteres defecto atrio-septal (4 casos), morbo obstructive del arco aortic (5 casos), patente ducto arteriose (5 casos), e annulos vascular (3 casos).
SUMMARY
Le 2 plus vetule patientes al tempore del morte esseva un femina de 55 annos con solmente un defecto ventriculo-septal e un femina de 51 annos con defecto ventriculo-septal, pa-tente ducto arteriose e anormal insertion del chordas tendinee e insuffieientia mitral.
Omn-ie caso de defecto ventriculo-septal esseva classificate secunde le region del septo ventricular involvite in illo. Le per multo plus commun defecto esseva situate in le regiones de effluxo del septo ventricular.
